After cervical spinal cord injury, current options for treatment of upper extremity motor functions have been limited to traditional approaches. However, there is a substantial need to explore more rigorous alternative treatments to facilitate motor recovery. OBJECTIVE: To demonstrate whether anodal-primary motor cortex (M1) excitability enhancement (with cathodal-supra orbital area) (atDCS) combined with robot-assisted arm training (R-AAT) will provide greater improvement in contralateral arm and hand motor functions compared to sham stimulation (stDCS) and R-AAT in patients with chronic, incomplete cervical spinal cord injury (iCSCI). METHODS: In this parallel-group, double-blinded, randomized and sham-controlled trial, nine participants with chronic iCSCI (AIS C and D level) were randomized to receive 10 sessions of atDCS or stDSC combined with R-AAT. Feasibility and tolerability was assessed with attrition rate and occurrence of adverse events, Changes in arm and hand function were assessed with Jebson Taylor Hand Function Test (JTHFT), Amount of Use Scale of Motor Activity Log (AOU-MAL), American Spinal Injury Association Upper Extremity Motor Score and Modified Ashworth Scale (MAS) at baseline, after treatment, and at two-month follow-up. 
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Introduction
Incomplete tetraplegia is the most frequent neurologic category after spinal cord injury (SCI). Each year nearly 12,000 people suffer from SCI in the United States, and about 50 percent of these are reported to be injuries to cervical spine (National Spinal Cord Injury Statistical Center, 2011) . Survivors after injury are usually left with severe motor impairments which not only affect walking but also cause paralysis of arm and hand functions resulting in impairments with self-care (i.e., feeding, bathing), transfers, work and decreased participation in social activities. Therefore, regaining arm and hand functions are highly linked to improved quality of life among adults with tetraplegia (Anderson, 2004; Snoek, Ijzerman, Hermens, Maxwell, & BieringSorensen, 2004) .
While the immediate damage to the cervical spinal cord is to the ascending and descending spinal tracts and the cell bodies within the cord, following injury both animal and human studies have demonstrated structural and functional reorganization at remote cortical and subcortical structures (Kriz, Kozak, & Zedka, 2012; Laubis-Herrmann, Dichgans, Bilow, & Topka, 2000; Lotze, Laubis-Herrmann, Topka, Erb, & Grodd, 1999; Topka, Cohen, Cole, & Hallett, 1991) . The spinal cord and cortex become atrophic and axonal integrity is reduced (Freund et al., 2012; Henderson, Gustin, Macey, Wrigley, & Siddall, 2011) and these changes are considered to be an obstacle to achieve maximum functional recovery. Although the roles of residual corticospinal tract fibers, primary motor cortex and spinal neurons are critical in regaining sensorimotor functions in the arm and hands, treatment options aiming to restore functions in the upper limb are usually focused on the extremity, using functional electrical stimulation (Freund et al., 2012) , exercise (Hicks et al., 2003) , massed practice (Sadowsky & McDonald, 2009) or compensation techniques to accomplish daily tasks (Garber & Gregorio, 1990) . Unfortunately none of these rehabilitation strategies has proven to be a gold standard in recovery of impaired arm and hand functions. One alternative rehabilitation approach would be to combine treatment modalities that will facilitate afferent input to sensorimotor cortex and increase the executive activity of the primary motor cortex (M1) and corticospinal tracts. In this context, transcranial direct current stimulation has gained popularity in clinical studies as an add-on neuromodulation technique that uses weak, direct electric current to induce changes in cortical excitability. These changes occur in a polarity-specific manner; while anodal tDCS applied over M1 induces facilitatory effects, cathodal tDCS leads to inhibitory effects. Studies have shown, in a single session of tDCS with current intensities of at least 0.6 mA up to 2 mA applied over 5-20 minutes, modulation of motor cortex excitability is possible and lasts for up to 60 minutes after stimulation (Bastani & Jaberzadeh, 2012; Nitsche et al., 2003; Nitsche, Liebetanz, Tergau, & Paulus, 2002; Nitsche & Paulus, 2001 ). When applied daily, repeated anodal tDCS sessions over five days can induce motor skill acquisition that persist for several weeks (Reis et al., 2009) . In addition, when applied before motor training, anodal tDCS has been shown to enhance CST excitability significantly compared to during or after motor training (Cabral et al., 2015) .
Training intensity has a profound effect on motor recovery, and rehabilitation robotic devices have the potential to deliver high-dosage, high-intensity, repetitive therapy procedures in a way that is semiautomated and less labor-intensive (Pehlivan et al., 2014; Zariffa et al., 2011) .
In the current 'proof of concept' study we aimed to respond the following questions: (i) is the combination treatment feasible and tolerable as indexed by participation, adverse effects and attrition rate? (ii) Is there an increased treatment effect in the active group compared to the control group immediately after the end of the treatment? (iii) finally, if there is a treatment effect (question ii), are the effects lasting when analyzing motor function over time? We hypothesized that adults with chronic tetraplegia caused by incomplete cervical spinal cord injury (iCSCI) can improve their upper-limb voluntary movement by participating in a therapeutic program that combines non-invasive brain stimulation with robotic-assisted training. The overall aim of this proof-of-concept preliminary trial is to ultimately provide initial data, including effect sizes and variances, to be used to design a well powered trial. We therefore collected extensive data in each subject as to maximize the amount of information that will be provided for designing future trials. We also submit as preliminary data detailed tables with information on all outcomes which may be useful for future trials and meta-analyses.
Material and methods

Subjects
Nine adults with chronic iCSCI (eight male, one female; age between 36-63 years) participated and eight participants have completed this research study (see Table 1 for demographic and clinical data). Main inclusion criteria were age between 18-65 years; diagnosis of chronic incomplete cervical spinal cord injury as defined by the American Spinal Injury Association Impairment scale classification (AIS C and D) and at least 6 months post-injury; minimal finger motor function (i.e., being able to perform isolated thumb and index finger movement such as pinch grip). Exclusion criteria included neuropsychiatric comorbidities; traumatic brain injury (TBI); involvement in any specific exercise program (e.g., Neuromuscular electrical stimulation, functional electrical stimulation) within the previous 3 months; planned alteration in upper-extremity therapy or medication for muscle tone during the course of the study; contraindications to tDCS such as metal in the head or implanted brain medical devices. Subjects were also excluded if they had prior history of seizure; use of medications containing sodium channel blocker such as carbamezapine; any joint contracture or severe spasticity in the affected upper extremity, as determined by a Modified Ashworth Score great then and equal to 3 out of 4; and history of substance abuse. All subjects were provided written informed consent to participate in the study using a form that was approved by the Institutional Review Board of the University of Texas Health Science Center at Houston.
Study design
This study used a parallel-group, double-blinded, randomized, sham-controlled trial model. Subjects were randomly assigned to one of two groups: active tDCS with robotic-assisted training or sham tDCS with robotic-assisted training. A computer generated randomization order was used to assign subjects in a 1 : 1 fashion into active or sham tDCS group. For each subject, the researcher received an anonymous code from an independent research assistant. Thus, the researcher who administered the tDCS and the patients were both blinded through all stimulation sessions.
After randomization, the target arm for training was selected based on residual function in the arm and hand. For example, if the subject had asymmetric strength in the upper extremities, the arm with lesser impairment was selected; or if one side had nearly normal function, then the opposite side with more impairment was chosen for treatment. Each patient underwent clinical and functional assessment at baseline, after the intervention, and at two-month follow up. All assessments were administered by the same senior occupational therapist that was blinded to the type of intervention the subjects had received.
Intervention
Transcranial direct current simulation
(tDCS) tDCS is a form of non-invasive cortical stimulation and has the potential to alter cortico-spinal excitability. Direct current was transferred by two salinesoaked surface sponge electrodes (7 × 5cm = 35cm 2 active area) and delivered by a battery-driven stimulator device (medical tDCS for clinical trials device, Soterix Medical ®, NY). To stimulate the primary motor cortex (M1) the anode electrode (increasing cortical excitability) was placed over C3/C4 (according to the 10-20 international electroencephalogram electrode system) contralateral to the targeted arm. The cathode (i.e., reference) electrode was placed over contralateral supraorbital area as shown in Fig. 1 .
During tDCS, subjects in the active group received 20 minutes of 2 mA anodal direct current with resulting current density of 0.0571 mA/cm 2 , whereas for sham stimulation in the control group, first 30 seconds the current was ramped up to 2 mA and during last 30 seconds ramped down. These parameters for sham stimulation were shown in previous reports as mimicking same somatosensory artifact, i.e., tingling of active stimulation without producing measurable effect on cortical excitability (Gandiga, Hummel, & Cohen, 2006) . During stimulation subjects were seated in their own wheelchair or a regular chair with comfortable back support.
Robotic-assisted training
Immediately after cortical stimulation, repetitive movement training was provided by the MAHI Exo-II exoskeleton (Fitle et al., 2015) operated in constraint mode. In this mode, the robotic device opposes the subject's movement by adding a force that requires the subject to provide greater work in order to initiate and maintain movement. Single degree of freedom movement for elbow, forearm and wrist was repeated at high intensity. Treatment was progressed gradually by increasing the number of repetitions and amount of resistance applied to each movement. On a computer screen graphic feedback about performance was given after each attempt in order to maintain motivation. Standardized rest breaks were given in order to avoid fatigue. During the study period, subjects did not participate in any other occupational therapy program involving arm and hand training. Details of the robotic training protocol are published in a previous study from our lab .
Clinical, functional and safety assessments:
After subjects were randomized into active or control groups, a blinded evaluator performed baseline clinical and functional assessment and repeated them within a week after the last treatment session and at the two-month follow up. To minimize the effect of trunk and limb position on test scores, standardized positions were used during all testing.
Measurement of safety, tolerability and
feasibility For tDCS safety, during each tDCS administration, subjects were closely monitored and asked to report and rate symptoms such as headache, neck pain, scalp pain, tingling, itching, burning sensation, skin redness, sleepiness, trouble concentrating, acute mood change and others on a ordinal scale from 1-4. The questionnaire has been standardized by Brunoni et al., 2011 for reporting of commonly seen tDCS adverse events (Brunoni et al., 2011) . For tolerability subjects were asked to score their level of perceived fatigue at the beginning and end of each session on a scale ranging from 0 = no fatigue to 100 = extreme fatigue.
Testing for arm and hand function
The Jebsen-Taylor Hand Function Test was used as the primary outcome measure of arm and hand functions. The test (Jebsen, Taylor, Trieschmann, Trotter, & Howard, 1969 ) has shown to have good to excellent interrater and intrarater reliability (Beebe & Lang, 2009 ) and capacity for detecting performance change in activities that resemble daily life activities. Time to perform 7 everyday activities, (e.g. writing, feeding) is tested. We excluded the writing task due to heavy dependence on side with less impairment. Administration of the JTHFT subtests discontinued after 120 sec if the subject could not complete the task by that time. Scores were recorded in number of items completed/total time (in seconds). This method of recording had superiority compared to traditional recording of total time only. Thus change in number of items completed within 120 seconds could be reflected as an increase or decrease of performance.
Self-report of arm function with Motor
Activity Log (MAL) Subjects were asked to report 'how much' and 'how well' they have used their arm during 30 daily activities such as brushing hair, drinking from a glass, picking up phone. Two scores are typically generated from this self-report; for the purpose of this study, only the amount of use was used as we were interested in increased activity of the arm in daily life (Taub et al., 1993) . A score of 0.50 was used to report as 
Testing for arm strength
Strength of selected muscles (C5-T1: biceps, triceps,wrist extensor, finger flexor, finger abductor) in both upper extremities was scored using the Medical Research Council grade (0 = absent, 5 = normal) in accordance with International Standards for Neurologic Classification of SCI (ISNCSCI) exam. Despite standardized supine position, the manual muscle testing was performed with the subject in sitting position either in their own chair or in a standard chair.
Testing of muscle tone
Modified Ashworth Scale (MAS) was used to measure the resistance during passive elbow flexion and extension, pronation and supination, wrist flexion and extension and finger extension. Sum of each score was reported (Bohannon & Smith, 1987) .
Data analysis
The current project was preliminary in nature and aimed to provide initial data for future trials. We did tested a few hypotheses according to the following method:
(i) is the combination treatment feasible and tolerable as indexed by participation and adverse effects? For this question we provide qualitative and descriptive data. Feasibility measurements regarding whether it was possible to combine both interventions and whether the combination affected how the intervention was being administered were observed. Tolerability was measured by adherence to the trial protocol (attrition rate), level of perceived fatigue and adverse events. (ii) is there an increased treatment effect in the active group compared to the control group when comparing the two groups favoring the active group immediately after the end of the Fig. 3 . Mean ± SE of MAS-AOU from baseline to post-treatment and 2-month follow-up. After ten sessions 4/4 participants (100%) achieved a clinically meaningful outcome of 0.52 points at immediate posttreatment and after 12 months, respectively. In the control group 2/4 participants (50%) at 2 weeks and 3/4 participants (75%) at 2-months achieved a clinically meaningful outcome.
treatment? For this question we tested differences between pre-test and post-test scores between the two groups using a betweengroup analysis with the Mann-Whitney U test. (iii) if there is a treatment effect (question ii), are the effects lasting -when analyzing followup motor function? For this question we built an ANOVA model to test whether there is a significant difference between time (baseline, immediately after and follow-up) and group (active vs. sham tDCS). For the group by time interaction we used repeated measures ANOVA.
For both questions (ii) and (iii), we choose JTHFT, MAL-AOU, ASIA UEMS and MAS as dependent variables. Given the exploratory nature of these comparisons, we did not correct for multiple comparisons. Therefore ␣ level of significance was set at 0.05. Analyses were carried out using Stata (StataCorp, College Station, TX, USA) Proportional change of motor impairment and functional scores from baseline to post intervention assessments at posttreatment assessment (post 1) and follow-up (post 2) was calculated by ([post-pre]/pre*100).
Results
The groups did not differ with respect to age, and gender distribution. Table 1 summarizes the demographics and clinical characteristics of the subjects.
The mean age of the patients in the active group was 49.7 ± 5.4 years and 55.7 ± 2.9 years in the sham group. At baseline the mean time since injury was significantly higher in the sham group, 141.2 ± 48.2 months compared to active group 25.2 ± 10.4 months (Mann-Whitney U test, p = 0.04). ASIA UEMS, JTHFT, MAL-AOU and MAS scores were not significantly different in both groups (Mann-Whitney U test, p > 0.05), Table 2 .
In accordance with our three questions the results are presented in the following order:
Is the combination treatment feasible and tolerable as indexed by participation, adverse effects and attrition rate?
Nine subjects were randomized into active tDCS and sham tDCS group and only one subject withdrew from the study. After 5 training session the subject in the active group dropped out from the study due to transportation problems.
In the remaining group all sessions were well tolerated and none of the subjects requested the stimulation to be terminated or needed medical intervention during or after stimulation. Tolerance level was measured with VAS in response to induced fatigue at each session. On a scale from 0-100 subjects in both groups had very similar perceived fatigue level; active tDCS 11.8 ± 1.4 versus sham tDCS 12.0 ± 1.5 (p = 0.9). Observed (skin redness) and self-reported (tingling, sleepiness, trouble concentrating, headache, neck pain, scalp pain, scalp burning sensation and acute mood changes) side effects were usually mild and reported in both groups. Most common symptoms were tingling, skin redness and sleepiness. Frequency of tDCS related adverse events are shown in Table 3 .
Is there a treatment effect when comparing the two groups favoring the active group immediately after the end of the treatment?
Arm and hand function
Immediately after treatment, arm and hand function as measured with JTHFT demonstrated larger improvement in the active tDCS group 40.7 ± 29.1% as compared to 6.7 ± 4.5% in the sham group (Fig. 2) . The biggest improvement in the active group occurred for the 'feeding' subtest. In contrast to all other subtests, the 'feeding' test depends more on proximal arm movement rather than finger dexterity. However, the change in total JTHFT score did not show a statistically significant difference between groups (Z = 0.577, p = 0.564; Cohen's d = 1.31). 
Motor activity log -amount of use
Treatment groups had very similar MAL-AOU scores at baseline (Z = -0.577, p = 0.564). Immediately after treatment subjects in the active group demonstrated higher amount of use score after 10 sessions and maintained the scores at follow up. Absolute mean MAL-AOU scores changed from 1.5 ± 0.6 to 3.2 ± 0.7 (post 1) and 3.3 ± 0.7 (post 2) in active stimulation group versus sham group (from1.6 ± 0.9 to 1.9 ± 1 (post 1) and 2.2 ± 0.9 (post 2). However the MAL-AOU score immediately after treatment did not show a significant difference between groups (Z = 0.871, p = 0.384, Cohen's d = 1.38), Fig. 3. 
ASIA upper extremity motor scores
Two subjects in the active group and three subjects in the sham group received training on their pre-injury dominant side. At baseline the groups had similar muscle strength scores (Z = -1.169, p = 0.242). Immediately after treatment the change in ASIA UEMS score did not significantly differ between groups (Z = -0.744, p = 0.457, Cohen's d = 0.88).
Muscle tone
Average mean MAS scores for active group demonstrated bigger decrease in spasticity as measured with MAS (from 1.00 ± 0.3 to 0.7 ± 0.3 (post 1) and 0.7 ± 0.2 (post 2) but neither of the groups showed a significant difference in muscle tone from baseline to post-treatment (Z = 1.648, p = 0.099, Cohen's d = 1.32).
If there is a treatment effect (question ii), are the effects lasting when analyzing follow-up motor function?
Analysis for the outcome variables JTHFT, MAL-AOU, ASIA-UEMS and MAS revealed no significant interaction effect, showing that the improvement seen immediately after did not last for the follow-up. Repeated ANOVA revealed no significant group-by-time interaction for total JTHFT scores F(2,5) = 0.429, p = 0.673, MAL-AOU scores F(2,5) = 1.675, p = 0.277; ASIA UEMS scores F(2,5) = 0.732, p = 0.526; muscle tone F (2,5) = 2.355, p = 0.190.
Discussion
Tolerability and safety of combination therapy
The current 'proof of concept' study has shown that the combination of non-invasive brain stimu-lation to repetitive robotic training is feasible and tolerable. Attrition rate was low and withdrawal of one subject was not caused by treatment related adverse event that resulted with refusal to continue the treatment. Moreover in those that were able to have reliable transportation, the compliance rate was 100% and no loss to follow-up. None of the subjects missed a session due to additional adverse events such as excessive fatigue, discomfort or muscle soreness resulting from intensive training.
In our observation participants in active and sham groups demonstrated overall similar subjective findings. Adverse events related to tDCS were very limited and similar to those reported previously (for review see (Brunoni et al., 2011) . In both groups the most frequent symptoms were tingling, mild skin irritation on the supraorbital area beneath reference electrode followed by less common symptoms such as headache, neck pain, sleepiness, trouble in concentration. Scalp burn and acute mood changes were not observed.
Efficacy of combination therapy
Our study demonstrated that combining noninvasive brain stimulation with repetitive robotic peripheral training has a potential to augment arm and hand functions compared to a control group receiving only repetitive arm training. Addition of ten sessions of anodal tDCS of M1 and cathodal tDCS of supraorbital area to high intensity repetitive training could be associated with better outcomes immediately after treatment with a lasting effect of at least 2-months. At baseline, the groups had similar hand function as measured with the Jebsen-Taylor Hand Function test and Motor Activity Log (MAL). All of the subjects had minimal movements in thumb and index fingers, which translated into pinch grip, manipulation and moving small objects such as turning pages, picking up a penny and paper clips, or stacking checkers. After ten sessions of robotic-assisted arm training, all patients demonstrated improvements in arm and hand functions with greater gain in the active tDCS group. Half of the of the subjects in the active group have shown a 50% proportional improvement in the JTHFT performance while none of the patients in the sham group reached this level. Similarly, the increase in amount of use of the trained hand in daily activities (MAL items) has also been greater in the active stimulation group. Immediately after ten sessions four of four participants (100%) achieved a clinically meaningful outcome of 0.50 points, whereas this ratio was two out of four in the control group. Improvement in arm use continued for control group and three out of four persons exceeded MCID at two-months. In addition to the measured functions, patients in the active group reported overall improved sensation, such as "my whole arm feels more alive. I started to feel my arm more" in the trained arm (3 out of 4), improved fine motor skills, such as "I am able to swipe the phone (touch screen) with my thumb for the first time since the injury" (1 out of 4), "I can use this hand to put my hat on without difficulty" (1 out of 4). One subject even started to move the ipsilateral toe, which he was not able to before. Interestingly, almost all of these changes occurred on the second week of their treatment with a predominant change in their fine motor skills. In the sham group, only one subject reported considerable change in arm and hand movements; extending his arm out from the car window with ease to insert the parking ticket into the machine. Before training, he needed to get out of his car and use his other hand. Given the relatively short treatment duration, these observations evoke very interesting questions about the underlying mechanisms of facilitation of neuroplastic changes at cortical and spinal levels when subjects are exposed to high intensity repetitive training alone or combined with the facilitatory effect of motor cortex anodal and supraorbital cathodal tDCS. Combination therapies with tDCS have been successfully applied in a single session or over repeated sessions to modulate cortical excitability and enhance motor behavior in stroke patients (Hummel et al., 2005) . Because persons with incomplete tetraplegia may have similar mechanisms of recovery as persons with hemiplegia since both may have altered and inappropriate sensory input and motor output, incorporating intense activity, repeated practice, attention and somatosensory augmentation concurrent with movement practice may facilitate neural plasticity and functional recovery (Backus, 2010) .
Priming of the motor cortex to augment functional benefits with peripheral training is relatively new, and therapeutic effects of motor cortex stimulation as an intervention alone or combined with peripheral training is reported by only a few researchers. Belci et al., 2004 , applied 10 Hz of paired rTMS over 5 sessions in chronic incomplete SCI and found improvement in ASIA motor and sensory scores and hand function sustained at 3 weeks follow-up (Belci, Catley, Husain, Frankel, & Davey, 2004) . In another study, Gomes-Osman & Field-Fote, 2015, researchers have shown that 3 sessions of combined 10-Hz repetitive transcranial magnetic stimulation (rTMS, over motor cortex) and repetitive task practice (RTP) resulted with higher improvement in hand function compared to sham-rTMS and RTP (GomesOsman & Field-Fote, 2015) . Similarly, Kuppuswamy et al. (2011) have demonstrated improvement in arm and hand function immediately after 5 sessions of active 5-Hz rTMS sensorimotor cortex stimulation. In addition to upper limb motor recovery, other researchers have also looked into benefits of combination therapies to enhance gait functions in spinal cord injury. In a study by Kumru et al., 15 daily sessions of 20-Hz rTMS over leg motor area combined with gait rehabilitation resulted with improvement in walking speed, lower limb spasticity and lower limb muscle strength (Kumru et al., 2013) .
As reported in the aforementioned studies, combining the effects of cortical stimulation with peripheral training can produce favorable functional outcomes. Although we observed similar results in our study, our design differed in type and dose of motor cortex stimulation and active exercises. First, instead of rTMS we used tDCS. tDCS has been shown to be a safe, portable noninvasive brain stimulation technique capable to modulate excitability of targeted brain regions by altering neuronal transmembrane potentials. In patients with chronic incomplete SCI, the magnitude of change in the CST excitability has been shown to be significant with 20 minutes of 2 mA anodal tDCS compared to 1 mA anodal tDCS. In addition, tDCS allows for very effective sham stimulation. None of our patients were able to distinguish whether they were receiving active or sham stimulation. Second, we used repetitive robotic-assisted training instead of repetitive task practice. Robotic-assisted training with MAHI Exo-II exoskeleton device has produced positive outcomes in other studies from our lab with spinal cord injury patients Yozbatiran et al., 2012) High intensity repetitive training of elbow flexion/ extension, forearm pronation/ supination, wrist flexion/extension and ulnar/radial deviation was successfully delivered. Within subjects' number of repetition reached up to 1000 on average in onehour. All subjects were trained in the constraint mode, and the amount of challenge during each session was experimentally modulated by the researcher. Notably, some of the changes in hand functions occurred despite an absence of specific training of finger movements.
Study limitations
Whilst this study used only a small group of patients and there is no substantive evidence for the use of tDCS in motor recovery in iSCI, it is reasonable to speculate that augmentation of corticospinal activity in spared fibers via primary motor cortex stimulation with anodal tDCS had positive effects on hand fine motor skills that result in improved performance in daily activities such as picking and moving small objects, feeding, grasping and releasing objects. However, effects of improved motor cortex and corticospinal tract activity on relearning motor skills, generalization of motor outcomes and overcoming learned non-use after spinal cord injury may all have contributed to this improvement. Therefore the differential effect of each of these contributing factors should be explored in future studies. Furthermore, we also suggest using outcome measures that are specifically designed to reflect changes in the quality of movement, and exclude compensatory movements which do not necessarily reflect neuroplasticity.
Conclusions
In conclusion, in this pilot study we have demonstrated that combination therapy protocol using 20 minutes of 2 mA anodal tDCS over M1 followed by 60 minutes of high intensity repetitive training with a robotic exoskeleton is safe, tolerable and feasible in treatment of impaired arm and hand functions in chronic incomplete spinal cord injury. Our findings show promise in improving arm and hand function with this combination therapy. However, there is an increased need to explore the effects of the suggested protocol in larger sample size with homogenous groups, especially in patients with similar time lapse since injury, impairment level (AIS level), and baseline hand motor function.
